SUMMARY The static and dynamic components of the tonic stretch reflex and shortening reactions have been studied in biceps brachii, triceps, hamstrings, and quadriceps muscles of 19 patients with Parkinson's disease before and during L-dopa therapy. Clinical improvement during L-dopa administration correlated with a reduction in the dynamic component of the tonic stretch reflex in biceps, triceps, and quadriceps but not the hamstrings muscle, and with the static component of the tonic stretch reflex in biceps and triceps but not quadriceps and hamstrings muscles. The only shortening reaction consistently reduced during the L-dopa treatment period was the dynamic shortening reaction of the triceps muscle. The responses of the stretch reflexes to changes in muscle length were not altered by L-dopa therapy. In severely disabled patients the hamstrings and quadriceps stretch reflexes were maximal in a position of partial flexion of the knee joint and this response to muscle length was not altered in these patients despite a dramatic lessening of rigidity in some patients. Shortening reactions commonly remained in some patients after the stretch reflex of the antagonistic muscle was abolished by L-dopa therapy. The administration of phenoxybenzamine to patients being treated with L-dopa reduced the different components of rigidity more than L-dopa alone, and the responses were consistent with phenoxybenzamine suppressing predominantly the descending noradrenergic pathway.
The available evidence suggests that dopamine (DA) acts as a neurotransmitter at certain striatal synapses concerned with the mediation of inhibition in the nigroneostriatal pathway. Histochemical studies have demonstrated DA in cell bodies of neurones in the zona compacta of the substantia nigra, whereas caudate DA is concentrated within diffuse terminal varicosities distributed in close proximity to non-fluorescent caudate neurones (Anden, Carlsson, Dahlstrom, Fuxe, Hillarp, and Larsson, 1964; Ungerstedt, 1971) . Electrical stimulation of the substantia nigra results in a depression of the firing rate of most neurones in the caudate nucleus (Connor, 1970) ; an increase in the homovanillic acid ' 
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(HVA) concentration in the effluent from the anterior horn of the lateral ventricle (Portig and Vogt, 1969) , and an increase in DA effluent collected by a push-pull cannula in the putamen (McLennan, 1965) . Experimental lesions of the nigrostriatal pathway lead to depletion of striatal DA (Poirier and Sourkes, 1965 ) and a similar depletion of DA occurs in Parkinson's disease (Ehringer and Hornykiewicz, 1960) . When DA is applied to the caudate nucleus by microelectrophoresis some 60% of neurones are inhibited (McLennan and York, 1967; Connor, 1968) .
The popular explanation for the success of L-dopa therapy in Parkinson's disease is the replenishment of depleted stores of DA in the basal ganglia and reactivation of the nigrostriatal pathway. It is also likely that high concentrations of DA could influence the release, storage, and transport of other biogenic amines in the brain. The investigation of noradrenaline (NA) metabolism in the brain of man (after L-dopa administration) is difficult because vanilil mandelic acid (VMA) does not appear to be the major metabolite in the brain (Moir, Ashcroft, Crawford, Eccleston, and Guldberg, 1970) , so that observations have largely been restricted to effects of L-dopa on the autonomic nervous system. The application of DA to the conjunctival sac causes pupillary dilatation which is probably due to release of noradrenaline (NA) (Spiers and Calne, 1969) and indeed pupillary dilatation occurs with systemic L-dopa therapy (Yahr, Duvoisin, Shear, Barrett, and Hoehn, 1969) . Experimental work on animals indicates that DA may release NA from the descending bulbospinal noradrenergic system which originates in the medulla and traverses the spinal cord in the ventral and lateral quadrants (Carlsson, Falck, Fuxe, and Hillarp, 1964) . In acute spinal cats this system can be activated by intravenous L-dopa, resulting in increased static fusimotor activity to both flexor and extensor muscles and increased dynamic fusimotor activity to extensor muscles, while dynamic fusimotor activity to flexor muscles is diminished (Bergmans and Grillner, 1968; Grillner, 1969) . Baker and Anderson (1970a) were able to show an increase in amplitude of monosynaptic spikes and a decrease in stimulus-response latency after L-dopa in both flexor and extensor motor nuclei of acute spinal cats. This facilitation of monosynaptic transmission can be regarded as a measure of increased alpha motoneurone excitability. The function of the descending noradrenergic system is discussed in detail by Andrews, Neilson, and Knowles (1972) . There is no agreement as to whether DA or NA is the effective neurotransmitter but Anden, Jukes, and Lundberg (1966) and Baker and Anderson (1970b) have shown that the effect is blocked by phenoxybenzamine.
In patients with the athetosis-spasticity syndrome, spasticity is reduced by phenoxybenzamine and the electromyographic analysis of the improvement is consistent with reduction by phenoxybenzamine of the activity of the descending noradrenergic system (Andrews et al., 1972) . It is thus of interest to examine the dynamic and static components of the tonic stretch reflex in Parkinson's disease before and during the use of L-dopa, alone and in combination with phenoxybenzamine, and to compare the responses on the reflexes of flexor and extensor muscles.
METHODS
The 19 patients in this study were all participants in a clinical trial of L-dopa. Of the 19 patients aged from 49 to 75 years, six were female and 13 were male. Eight patients had previously been subjected to thalamotomy, unilateral in two and bilateral in six. The Webster rating scale (Webster, 1968) was used to score disability up to a maximum of 30 for the most severely affected patients. Clinical improvement has been expressed as a percentage of the original disability. The dosage of L-dopa ranged from 1I0 to 8-0 g daily and, since improvement in rigidity may be delayed, recordings were made always after at least three months of treatment. In two patients, recordings were made at three, six, and 12 months. The principles of the electromyographic method of assessment have been described by Andrews, Burke, and Lance (1972) .
The dynamic and static components of the tonic stretch reflex (TSR) were measured in the biceps brachii, triceps, hamstrings, and quadriceps muscles before treatment with L-dopa was started and at three, six, or 12 months of treatment. The line of best fit of the relationship between velocity of stretch and the height of the integrated electromyogram (EMG) was drawn and the threshold velocity, dynamnic sensitivity, and the amplitude of the integrated EMG at 2000 of joint angle/sec was calculated from it to facilitate comparison of results at different treatment periods. The concepts of threshold velocity and dynamic sensitivity of the dynamic stretch reflex are explained in detail in an earlier paper , and the same terminology is used in this paper.
The stretch reflex has been divided into dynamic and static components, being respectively the response evoked by the stretching movement, and that evoked by maintained static stretch. parison, since this velocity would be exceeded only rarely during routine clinical testing. Where appropriate, the intercept of the line of best fit of the EMG: velocity relationship has been taken as the threshold velocity of the dynamic stretch reflex. The principle of the electromyographic method of assessment has been described by . In brief, the electromyogram evoked by passive manual movements was recorded using surface electrodes, and was integrated to provide a measure of reflex activity. Standard electrode placements were used so that for the two assessments comparable recordings could be obtained. The excursion of the limb at the appropriate joint was measured by a goniometer, the output of which was differentiated to provide a voltage proportional to angular velocity. The responses to muscle stretch and to muscle shortening were recorded in the biceps and triceps brachii, the hamstrings and quadriceps femoris muscles of the side most severely affected by rigidity.
After observations had been made on seven patients treated with L-dopa for three months or more, phenoxybenzamine 50 mg was administered intravenously and EMG recordings were made 30 minutes afterwards. No alteration in the EMG was noticed for 10 minutes and the effect was most evident after 30 minutes when the final recordings were made. There was no significant change in blood pressure while the patients remained in the prone position but postural hypotension persisted for 24 hours after the injection, necessitating bed rest for this time. Phenoxybenzamine was administered orally to six patients in a nocturnal dose of 40 mg in one patient and 20 mg in five patients.
RESULTS

HAMSTRINGS AND QUADRICEPS MUSCLES The
effects of L-dopa therapy on the dynamic stretch reflexes of the hamstrings and quadriceps muscles were studied in 18 patients. In the hamstrings, reflex EMG was of lower amplitude in 13 patients when on L-dopa therapy, but there was little change in the dynamic sensitivity of the hamstrings stretch reflex and there was no consistent relationship to the degree of clinical improvement. In the quadriceps muscle of nine patients, no EMG was recorded at 200°/sec when on Ldopa therapy, although previously the reflex response had been prominent. The amplitude of EMG of the quadriceps muscle was reduced in a further four patients and was unaltered in five. The threshold velocity of the quadriceps stretch reflex increased in those who responded to L-dopa so that, although less EMG was recorded, the dynamic sensitivity of the stretch reflex increased. This change in the dynamic sensitivity of the quadriceps stretch reflex correlated with the degree ofclinical improvement (Fig. 1) . The absence of clinical improvement in A static stretch reflex was present in the quadriceps muscle of nine out of 16 patients, but was abolished by L-dopa therapy in only one patient. However, in the hamstrings muscle, a static reflex was recorded in 15 of 16 patients, and was abolished by L-dopa therapy in eight. 500 There was no correlation between changes in the static reflexes and changes in the dynamic stretch reflexes (Fig. 3) .
The dynamic shortening reaction of the quadri- The static reflex of the triceps muscle was present in five of nine patients examined before L-dopa therapy and was abolished in only one patient during treatment. In contrast the static stretch reflex was present in all nine patients in the biceps muscle at the fully stretched position and was abolished in six. Patients in whom the static stretch reflex remained suffered from severe rigidity and clinical disability which improved only slightly with treatment.
Decrease in the amplitude of the triceps dynamic shortening reaction correlated with clinical improvement. The dynamic shortening reaction increased in two of the seven patients examined, but in these two patients the disease was considered to have progressed while on L-dopa therapy. The marked reduction in the dynamic shortening reaction of the triceps and biceps muscles was not associated with a corresponding reduction in the stretch reflex of the antagonist. Indeed a dynamic shortening reaction was commonly present in the biceps muscle in the absence of a stretch reflex in the triceps. The triceps muscle was the only muscle of the four analysed that showed a correlation ADMINISTRATION OF PHENOXYBENZAMINE DURING L-DOPA THERAPY After phenoxybenzamine 50 mg was given intravenously the dynamic stretch reflex of the quadriceps muscle was reduced in all six patients examined but the dynamic sensitivity was altered only slightly ( Fig. 4a and  b , and Table) . On the other hand, the amplitude of the hamstrings dynamic tonic stretch reflex increased in two of the seven patients at 200°/sec angular velocity and the dynamic sensitivity increased in all patients (Fig. 5a and b , and Table) . At high velocities of stretch the hamstrings stretch reflex was usually greater and in two patients it was also of greater amplitude at 200°/sec. (Yap, 1967) , as well as gamma motoneurones (Rushworth, 1961) , both static (Hagbarth, Hongell, and Wallin, 1970) and dynamic (Dietrichson, 1971) . Dynamic tonic stretch reflexes thus depend upon both alpha motoneurone and dynamic fusimotor activity. The dynamic tonic stretch reflexes at low velocities of stretch will also be influenced by static fusimotor activity. The dynamic sensitivity of the quadriceps, triceps, and biceps muscle, has been shown to increase with clinical improvement in patients treated with L-dopa, whereas the hamstrings dynamic tonic stretch reflex failed to show this response. An explanation for this discrepancy is the activation of the descending noradrenergic bulbospinal system by L-dopa administration. The activation of this system would be expected to result in an increase in alpha motoneurone excitability and a decrease in dynamic fusimotor drive and therefore to reduce the dynamic sensitivity of the hamstrings stretch reflex. The increase in the dynamic sensitivity of the hamstrings dynamic tonic stretch reflex in all patients examined and its augmentation at high velocities of stretch in the majority of patients when L-dopa and phenoxybenzamine were used concomitantly suggests that L-dopa may have activated this system. The correlation of improvement of static stretch reflexes with clinical improvement in the triceps and biceps and not in the quadriceps and hamstrings muscles is probably due to the larger representation of the descending noradrenergic system on the lower limbs (Anden et al., 1966) . Recently fusaric (5-butylpicolinic) acid, a potent inhibitor of dopamine betahydroxylase has been found effective in the treatment of Parkinson's disease when used together with L-dopa. The concentration of cerebral serotonin in rats injected with fusaric acid increases, whereas cerebral noradrenaline decreases (Hidaka, 1971) . When fusaric acid and L-dopa were administered sequentially, brain serotonin and noradrenaline levels remained similar to uninjected animals. Thus, fusaric acid prevented the decrease of brain serotonin caused by administration of L-dopa, and L-dopa prevented the depletion of noradrenaline by fusaric acid. Hidaka postulates that fusaric acid is effective by preventing depletion of serotonin in patients with Parkinsonism treated with L-dopa.
However, the precursor of serotonin, 5-hydroxytryptophan, when administered in large oral doses with a peripheral decarboxylase inhibitor to patients with idiopathic Parkinson's disease, caused a clinical deterioration (Chase, 1970 ). An alternative explanation to that of Hidaka is that fusaric acid prevents the increase in noradrenaline in the brain-stem that follows the administration of L-dopa (Reis, Moorhead, and Melino, 1970) , causing a response similar to the blocking of noradrenergic receptors with phenoxybenzamine. It is unfortunate that phenoxybenzamine when used together with L-dopa nearly always causes severe postural hypotension.
However, its beneficial effects in overcoming the undesirable effects of L-dopa on the descending noradrenergic bulbospinal system may well be simulated by fusaric acid.
In severe cases of Parkinson's disease the hamstrings and quadriceps dynamic and static stretch reflexes are maximal in a position of partial knee flexion and this response was unaltered by L-dopa therapy, whether given alone or in combination with phenoxybenzamine, even though the rigidity was markedly improved in some patients. Clinical improvement was associated with an increase in dynamic spindle sensitivity so that the dynamic stretch reflexes resembled those of patients with mild untreated Parkinson's disease. Although the response to velocity was restored by L-dopa therapy, a similar reversal of the response to changing muscle length did not occur. This is presumably a manifestation of progressive flexion dystonia and may be useful as a criterion for the progression of Parkinson's disease which is marked in other respects by the response to L-dopa.
